Abstract-Occupational shares of various ethnic groups have grew tremendously in regional U.S. labor markets from 1980 to 2000. Using U.S. Census data, we examine the extent to which this growth is attributed to network effects by studying the relationship between the occupational choice of recently arrived immigrants with those of established immigrants from the same country, We find strong evidence of network effects. First, new arrivals are choosing the same occupations as their compatriots, a decision that is operating at the regional level. Second, individuals who choose the most common occupation of their compatriots enjoy a large and positive earnings effect.
I. Introduction
I N 1980 0.68% of all hairdressers and cosmetologists in the Houston-Brazoria metropolitan area were born in Vietnam. This grew to 6.21% by 1990 and to 24.18% by 2000. In Fort Lauderdale, 4.00% of food preparation workers in 1980 were from Haiti. This increased to 23.52% in 1990 and 26.56% in 2000. While these trends are remarkable, they are not atypical. The occupational distribution of immigrant workers in metropolitan areas across the United States suggests that immigrants from a range of countries have developed local niches in specific occupations. Given the magnitude of this phenomenon, it is useful to consider its potential explanations. First, the 1965 amendment to the U.S. Immigration Act produced a large increase in the number of "immigrants." 1 This is likely to explain some of the growth in immigrants share of some occupations. Second, if the increase in immigrants was associated with a sharp increase in the number of immigrants with specific skills, it is likely that their share of occupations that require that skill would also increase (see, for example, Roy, 1951) . Third, local labor markets may be experiencing positive occupationspecific demand shocks, and if immigrants are more mobile than natives, it is likely they will locate in these newly created positions (see Borjas, 2001) .
While these factors appear relevant, the evidence documented in this paper suggests that new immigrants are following their compatriots and finding employment in the same occupations. We interpret this occupational location decision as the product of a network effect. Establishing the presence of such an effect is important because it has welfare implications for immigrants if it leads to employment opportunities. Network effects would have even more economic significance if they had implications for wages and earnings.
Using U.S. Census data for the years 1980, 1990 , and 2000, we examine whether the occupational choices of recently arrived immigrants are influenced by the occupational location of their predecessors. We also investigate the empirical implications for recent immigrants' wages and weekly earnings. As the occupational choices and wages of recent immigrants might be endogenously determined with the occupational choices of established migrants, we adopt two identifying strategies. We first instrument the occupational distribution of the established migrants with that of migrants in the same region in the prior census. While this identifying strategy is questionable if there are time-persistent regional effects that bear on the occupational choice of particular groups, we feel it is appropriate here due to the conditioning variables included in our specifications combined with the relatively low level of skill required for the occupations that new immigrants overwhelmingly choose. Nevertheless, we supplement our primary findings with those from an alternative identifying strategy based on the construction of a pseudo-panel of average regional behavior, which is defined to account for any group-specific, time-persistent regional effects.
Section II discusses the relevant literature. Section III examines our data and sample selection. Section IV documents the trends in occupational shares by immigrant groups in local labor markets, and section V reports the estimates from a model explaining the probability that a recently arrived immigrant will choose the occupation most commonly adopted by previous immigrants from his or her country. Section VI explores the related wage and earnings implications. Section VII provides a more detailed discussion of our empirical results, and section VIII concludes.
II. Literature
In reviewing the relevant literature, we begin with our use of the term network and the precise effect we seek to uncover in the data. We assume that individuals from the same country who are located in the same metropolitan area are likely to have a relatively higher propensity to interact. This may reflect common acquaintances in the United States or their home country, or their shared cultural background. 2 We briefly examine the existing literature, both theoretical and empirical, which explains why network membership might influence an individual's propensity to take employment in 1250 THE REVIEW OF ECONOMICS AND STATISTICS the same occupation as the other network members. These effects are likely to operate through an individual's employment search method and the level of potential job offers. It is also a way of acquiring job offers (Montgomery, 1991) . For employers, these networks may represent a mechanism for screening potential workers.
Previous empirical evidence has established that networks are important in influencing individual employment outcomes. For example, 17% of those unemployed workers surveyed in the 1970 Current Population Survey (CPS) consulted friends and relatives for work. This grew to 23% in the 1991 CPS (Bradshaw, 1973; Bortnick & Ports, 1992; Ioannides & Datcher Loury, 2004) . Networks are useful for employed and unemployed workers both in terms of frequency of job offers and acceptance (Blau & Robins 1990; Blau, 1992) . Over a range of data sets, it was found that between 30% and 60% of job matches were made through personal ties, with a greater prevalence of network use among low-skilled workers (Ioannides & Datcher Loury, 2004) .
Several theoretical studies investigate the impact of the dissemination of information through networks on job search. While job information acquired through networks generally improves both the individual's probability of employment and wage level, there are circumstances under which they might both decline (Calvo-Armengol, 2004; CalvoArmengol & Jackson, 2007) . The empirical evidence, however, generally suggests that networks improve the probability of employment of its members (Munshi, 2003; Beaman, 2012; Laschever, 2007) . The evidence further suggests that a network defined by geographic proximity has a positive influence on individual employment. These neighborhood effects tend to be particularly strong between ethnically similar locations (Bayer, Ross, & Topa, 2008; Topa, 2001; Laschever, 2007) . For example, Edin, Fredriksson, and Aslund (2003) show a large, positive income effect for immigrant refugees living in ethnic enclaves in Sweden.
While the empirical economics literature on networks has largely ignored occupational choice, the sociology literature discusses the importance of immigrant networks in developing occupation niches. These studies find that immigrant groups that shared employment opportunities through their networks perform better in terms of obtaining employment in higher-paid occupations (Model, 1993) . Waldinger (1996) suggests that the rapid movement of white native workers away from certain jobs in New York City enabled ethnic minorities to form niches. Networks then channeled immigrants of specific ethnic backgrounds into specific occupations. Waldinger (1994) studied immigrant workers in New York City's government, a sector in which immigrants started to emerge more prominently during the latter part of the twentieth century, and finds that immigrants sorted into different occupations within city government according to ethnic background. Some empirical studies (Logan, Alba, & Zhang, 2002) suggest that immigrants choose their occupation after choosing their location. Since a majority of immigrants are based on family reunification, their location decisions, and subsequently their occupational choices, are constrained (Parks 2005) . One relevant economic investigation is Munshi and Wilson (2011) , which explores the influence of the occupational choice of nineteenth-century immigrants on those of current immigrants from the same country. The focus there is on cultural identity defined by the occupation choice of the first generation of immigrants. The paper's empirical question is the probability of accepting a high-skilled over a low-skilled job.
III. Data and Key Variable Definitions
To examine the growth in occupational shares, we employ the 5% samples from the 1980 , 1990 , and 2000 While the census is available only at ten-year intervals, it provides a sufficiently large number of observations to identify occupational growth patterns in various regions of the United States. The occupation codes used are based on the variable "occ1990," which characterizes the individual's occupation at the three-digit level. 4 This variable has approximately 300 classifications, based on the 1990 occupation classification scheme, and is comparable across the years considered.
We distinguish between "new" immigrants and "established" immigrants as we estimate the empirical relationship between the occupational choices of these groups. Although it would be most useful to observe the occupation of the immigrant's first job entering the United States, such detailed work history variables are not available. The most recent immigrant group that can be distinguished in the 1980 Census are individuals who arrived in the United States between 1975 and 1980 . For the 1990 Census, the most recent identifiable immigrants are those who immigrated in 1987. For the 2000 Census, it is those arriving after 1998. To retain consistency across samples, we define individuals who arrived in the United States within five years of the survey date as new immigrants. All remaining foreign-born workers, comprising those who immigrated over five years prior to the survey date, are considered established immigrants. While this dichotomy is determined by the limitations of the data, it does not seem unreasonable. That is, determining what distinguishes established from new is arbitrary, and the most important requirement is that one can identify recent arrivals. The five-year distinction does not seem unreasonable for our purposes.
To examine occupational growth by immigrant groups in local labor markets requires an operable definition of a local labor market. We define it to be a metropolitan area. There are roughly 292 such areas in the Census, although the exact number varies by Census year. For the 2000 Census immigrant sample, 72,614 observations of 818,083 live in an unidentified metropolitan area, compared to 124,291 observations who work in an unidentified metropolitan area. We employ the metropolitan area of the workplace as our measure of where the individual is located, as this seems the better measure for our purposes.
Because the data comprise a large number of occupations and an equally large number of metropolitan areas and we also make a distinction within the immigrants on the basis of their country of birth, small cell sizes are likely to be an issue. To describe the patterns in the data, we initially include observations for every metropolitan area with at least 100 workers. We subsequently focus our analysis on immigrants who are employed in an identified occupation in an identified metropolitan area where there at least 100 other immigrants from their country in that metropolitan area. 5 This selection criterion produces a very large data set in terms of numbers of individuals, and encompasses about 100 metropolitan areas and immigrants from approximately 100 countries working in over 250 occupations. 6 We acknowledge that restricting our analysis to areas that have these features might induce selection bias because we are excluding small metropolitan areas or areas with few immigrants. Our view is that the results remain of interest even if it is necessary to make our conclusions conditional on these data restrictions. While we include the smaller cells to avoid issues related to selectivity, we also acknowledge that calculating population share variables on a cell size as small as 100 might introduce attenuation bias (Aydemir & Borjas, 2011) . This bias can be reduced for cells of 1,000 observations and virtually eliminated for cells of 10,000. Considering that such a large number of observations is not available for many country-metropolitan area groups, increasing the cell size would be very restrictive. Accordingly we employ the smaller cells but acknowledge that the presence of attenuation bias might understate the strength of the network effects.
We also focus on the impact of network membership on wages. The Census includes measures of annual wages, weeks worked, and usual hours worked per week for the previous calendar year. This allows the construction of an individual's hourly wage. This constructed hourly wage appears to be susceptible to measurement error at extreme points in the distribution, so we trim the data by eliminating observations in the top and bottom 0.1% of the wage distribution. The descriptive statistics for our sample are provided in appendix tables A1 and A2. 5 The choice of 100 workers is arbritary but is meant to reduce the contributions of observations that are in occupation/metropolitan/country of birth cells containing too few observations. Using cell sizes with at least 200 observations considerably reduced the number of countries and metropolitan areas represented. 6 The sample size is further reduced when we examine the presence of network effects separately for each gender, as we impose the same data constraint on the subsamples for each gender.
IV. Occupation Shares by Country of Origin
To explore the growth in the occupational shares of nationality groups in local labor markets, tables 1 and 2 report these shares for different origin countries at both the metropolitan and national levels. We reiterate that when describing the data, we include only occupations that have at least 100 observations in the metropolitan area for at least one of the Census years.
The first section of table 1 presents the proportion of working individuals from country j in area m in occupation o for each of the Census years. The second section reports the proportion of those working in area m in occupation o who are from country j. These two features of the data most interest us. The first captures the tendency of individuals from certain countries to enter specific occupations and reflects the network phenomenon. The second reports the rate at which this network effect is resulting in the domination of certain occupations in various regions by different nationality groups. The third section of the table reports the change over the three Census years for the estimates in the second section. Table 1 also reports the country-of-origin population as a percentage of total population in the metropolitan area. The extremely large number of cells does not allow us to list each of them. Accordingly, for presentational purposes, for each country group in each area we tabulate the five most popular occupations. This produces a list of 3,361 cells. We rank these cells according to their growth in occupation share over the period 1980 to 2000 and list those at every second percentile. 7 For example, the first entry reports that Chinese textile workers who work in the New York-Northeastern New Jersey metropolitan area had a change in occupation share at the 99 to 100 percentile. Their percentage share of that occupation in 1980 was 17.26, and this grew to 43.78 by 2000. Table 1 illustrates the range of countries, metropolitan areas, and occupations that experienced notable growth and provides examples of immigrant concentration across different percentiles of occupation share growth. Interestingly, even groups at the 75th percentile saw their share grow by more than 1% from 1980 to 2000. Even those at the 35th percentile experienced a positive growth in the occupation share. Moreover, this growth is not limited to a small number of occupations. We pursue this below. Table 2 provides the occupation shares for country groups that experienced the fastest growth over the period 1980 to 2000. To illustrate that this phenomenon is not simply due to immigrants from Mexico, who figure prominently in Table 1, we exclude them  from this table.  Table 2 suggests that other nationality groups are experiencing a growing share of certain occupations in local labor markets in addition to those mentioned in the opening paragraph. Moreover, the dramatic growth in occupation shares for these immigrant groups occurs primarily at a 1252 THE REVIEW OF ECONOMICS AND STATISTICS Percentages are weighted using Census weights. Includes all occupations for which there are at least 100 workers in the metropolitan area. Percentages are weighted using Census weights. Includes all occupations for which there are at least 100 workers in the metropolitan area. Table excludes Mexico. Percentages are weighted using Census weights. Includes all occupations for which there are at least 100 workers in the metropolitan area. 
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metropolitan-area level, as the corresponding occupation shares at the national level are relatively modest and do not demonstrate clear patterns. While many of these metropolitan areas have a high proportion of immigrants, the growth in occupation share for the country groups is disproportionate to its growth in population. Tables 1 and 2 suggest there is no clear relationship between metropolitan-area population share and occupation share. A high share in a particular occupation for a country group in one metropolitan area does not imply a high share in the same occupation elsewhere. While this partially reflects regional variation in the distribution of occupations, it is interesting nevertheless. One particularly striking example from table 2 is that of textile sewing machine operators in New Bedford, Massachusetts. This metropolitan area has a large but declining population of Portuguese workers, which initially grew from 12.23% in 1980 to 17.82% in 1990, before decreasing to 10.22% in 2000. The proportion of Portuguese in this occupation grew steadily from 55.43% in 1980 to 69.42% in 1990 to 71.15% in 2000. Note that the data indicate that this occupation is dominated by Chinese or Mexican workers in other metropolitan areas. The fact that Chinese or Mexican workers in the textile occupation are practically absent in New Bedford while Portuguese workers are absent in the textile occupations in other metropolitan areas suggests that this observed specialization in local labor market is not based on home country-specific skills. Table 2B presents the fraction of total employment in the metropolitan area concentrated in the occupation. This illustrates that the occupations with observed high concentrations of immigrant groups are those that represent a small proportion of total employment in the metropolitan area. Table 2B also reports the relative proportion of immigrant groups in the occupation. Since high concentrations of immigrant groups in an occupation may reflect a high presence of the immigrant group in the metropolitan area, the relative proportion represents the immigrant concentration in the occupation above concentration in the metropolitan area. In particular, the relative proportion of immigrants is calculated by dividing the proportion of occupation composed of the immigrant group by the proportion of the immigrant group in the metropolitan-area population. In some cases, the absolute proportion of immigrant groups in the occupation rose considerably from 1980 to 2000, while the relative proportion fell. However, many immigrant groups have high occupation concentration growth rates in both the absolute and relative measures. For example in San Francisco-Oakland-Vallejo, California, immigrants from the Philippines initially represented 1.79% of freight stock and materials handlers in 1980, but grew to 3.32% in 1980 and then to 30.26% by 2000. In relative terms, the proportion grew from 0.65% in 1980 to 5.73% in 1990, and then to 15.95% in 2000.
As the occupations listed generally require a relatively low level of specialized training, this might reflect that the strong presence of a country group in an occupation is not the result of comparative advantage. To investigate this, table 3 presents for each country of origin the number of unique occupations that ranked as the most popular occupation across metropolitan areas. The most popular occupation in a metropolitan area is defined as the occupation that has the highest fraction of that country's members. For example, there were eighteen distinct most popular occupations for Puerto Rican workers across all metropolitan areas in the year 2000. The first set of columns represents the number of unique occupations that were ranked the highest for each country group across all metropolitan areas. These numbers are somewhat misleading because not every country group is represented in all metropolitan areas. In addition, multiple occupations were frequently tied for the top occupation rank, in which case all tied occupations were counted. Therefore, the second set of columns represents a normalized measure of the distribution of top-ranked occupations. It represents the number of unique occupations that are top-ranked across metropolitan areas divided by the number of metropolitan areas in which the country group is present. This number can exceed 1 when multiple occupations tie for the top rank. Overall, a higher number suggests a higher dispersion of most popular occupation categories across metropolitan areas. For most countries, the occupation dispersion is well above 0.5, indicating substantial variation in the preferred occupational location of each nationality group. 8 While this variation may reflect within variation in the composition of immigrant groups across metropolitan areas (people from the same country may select different metropolitan areas based on their skill set), it is unlikely to explain why one low-skilled occupation is popular among a country group in one metropolitan area while another occupation is popular elsewhere. This table is important: it suggests that the occupational choice of immigrants is not based purely on comparative skill advantages.
V. An Empirical Model of Immigrant Occupational Allocation
To establish the determinants of occupational location, one could estimate a multinomial choice model where each occupation represents a potential outcome. However, given the level of disaggregation, this would require estimating a model with an extremely large number of outcomes. As this is not feasible without unreasonable economic and statistical restrictions, we focus on whether a new arrival to a region chooses the dominant occupation for his or her immigrant group in that region. That is, we estimate the following:
where I ijmot is an indicator function denoting that immigrant i from country j who locates in metropolitan area m chooses occupation o in time period t. The choice of occupation 
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not only depends on the country from which the individual comes but reflects the most commonly chosen occupation for that immigrant group in that metropolitan area prior to the arrival of the new immigrants. The independent variable Y estab jmot measures the percentage of people from country j working in metropolitan area m of established immigrants who are in popular occupation o. This variable captures our defined network effect, and its coefficient γ 1 is our primary interest. We also include Y nmot , which measures the proportion of people in occupation o in metropolitan area m who are native born. This captures the propensity of the occupation in that area to employ immigrants (natives). The relative size of the occupation is captured through the inclusion of S mot , which denotes the proportion of workers in area m who are employed in occupation o in time t. We also include a variable that measures the presence of people from the home country in that metropolitan area. More explicitly, the variable C jmt is defined as (# of people from country j)/(# of people in metropolitan area m). We also include several individual characteristics, such as age, education, marital status, and ability to speak English. The model contains indicator functions for the individual's country-of-origin and the metropolitan area and region in which the individual works. These country of origin variables are likely to capture any nationality preference regarding occupation, while the region and metropolitan-area dummies are included to capture unobserved demand effects. Finally, η ijmot is assumed to be a zero mean error term. We do not include interaction terms involving the metropolitan area and country of birth.
Consider the expected values of the coefficients of primary interest in equation (1). First, because the estimated models include regional and metropolitan indicators and country-oforigin dummy variables, the model controls for the propensity of immigrants in a specific area to locate in the occupation that is the most popular for that region. It also accounts for the propensity of all individuals from a particular country to locate in an occupation that is the most popular of their compatriots. Moreover, in the case of simple random allocation, after conditioning on the included human capital variables, the probability of locating in the most popular occupation will be strongly related to the proportion of people already in that occupation in that metropolitan area. Accordingly, while it is difficult to sign the coefficients for the metropolitan area and country-of-origin dummies, the variable S mot would have a coefficient of 1 if individuals went into the occupations purely on the basis of the existing distribution. The Y nmot captures the tendency of the most popular occupation in the area to employ native-born workers. It is not clear which sign this variable should have. For example, when the only two groups of workers are native born and immigrants from country j, the coefficient must be negative. However, when there are immigrants from many countries, it is possible that the labor of immigrants from country j and that of the native born may act as complements. The net effect would depend on these opposing influences. Note, however, that because these variables do not include the new immigrants in their construction, there is no accounting relationship that imposes a specific sign on the coefficient. The variable C jmt is included to measure the presence of individuals from country j in the metropolitan area and is likely to have a positive coefficient when individuals from a particular country have a tendency to locate in a particular area and then find employment in occupations generally found in that area. Most important, given the inclusion of these conditioning variables and the fixed effects for region and country of origin, there is no reason to suspect, given the other variables included on the right-hand side of equation (1), that the coefficient γ 1 should be nonzero in the absence of network effects.
An obvious objection to the OLS estimation of equation (1) , which denotes the occupational share of workers from country j in metropolitan area m in occupation o ten years prior to the Census for time t. This captures the occupational choices of an older generation of immigrants made before the arrival of the new immigrants. These instruments are highly correlated with the endogenous explanatory variables and have highly significant F-statistics in the corresponding first-stage regressions. 9 We use the same instrumenting strategy for Y nmot , S mot , and C jmt .
We acknowledge that this type of lagged instrument is frequently seen as controversial. This does not reflect a weak instrument concern but rather a view that they are invalid. For example, there may be unobservables, or omitted variables, that are correlated with the occupational distribution of migrants from a specific country in a particular metropolitan area in year t that are correlated with those in year t − 10. Our identifying assumption is that no such factors remain after we condition on the variables in our model. Because this assumption is crucial to our empirical work, it is important that we are able to convince readers of its validity.
First, this "unobserved skill concern" might arise when immigrants are locating in metropolitan areas on the basis of their skills. Because the majority of immigrants are obtaining entry for family reunification, it would seem the initial location decision is likely to be exogenous to occupational choice. Second, this issue might arise if there were some 9 The correlations between Y estab jmot with Y estab jmot−10 for the most popular occupation for females are 0.600, 0.637, and 0.564 for the years 2000, 1990, and 1980 respectively. For males, the correlations are 0.710, 0.823, and 0.551 for the years 2000, 1990, and 1980 respectively. When a cell was empty in the prior census, we employ the value 0 as the instrument. However, when the metropolitan region was nonexistent in the previous census, the observation was deleted. This explains the difference in the number of observations used in the OLS and IV samples. specific unobserved skill that was commonly found in immigrants from a certain country and was in high demand in certain regions of the country. Table 1 reveals that the majority of occupations, albeit with some exceptions, that are the most popular are low skilled. This is inconsistent with an objection based on an argument related to unobserved skills. Moreover, the "unobserved skill" argument would be consistent with immigrants from certain countries specializing in certain occupations. We saw that this is inconsistent with the data, as immigrants from the same origin country are specializing in different occupations depending on location. While this may reflect that they have many unobserved skills, the fact that they are generally specializing in lowskilled occupations suggests otherwise. Finally, the argument requires that there are country-of-origin and metropolitanarea interaction effects that persist over time. Given that there are over 100 countries of origin and over 250 metropolitan areas, this would require estimating a huge number of additional parameters, and this seems unreasonable. Accordingly, we attempt to somewhat capture such effects by including country-of-origin and metropolitan dummies. Invalidity of our instruments requires that these additional interaction effects should appear in the choice equation after we have included the country-of-origin and metropolitan-area dummies as well as the extensive conditioning set. Once again, the low-skilled nature of the majority of occupations being chosen makes this unlikely.
While our identification strategy seems reasonable, we supplement our results with an alternative identifying strategy focusing on these interaction effects. We aggregate the data to the country of origin by metropolitan-area level and estimate
where Percent(I jmot = 1) denotes the proportion of new immigrants from country j in metropolitan area m who chose the popular occupation o in time t. The variables Y estab jmot , Y nmot , S mot , and C jmt are defined as above, and X jmt denotes the average characteristics of immigrants from country j in area m.The coefficient γ 1 retains the interpretation of how the proportion of established immigrants affects the probability of recently arrived immigrants locating in the most popular occupation, noting that the most popular occupation may have changed over that period. In the presence of these unaccounted interaction effects, the error term in equation (2) has the form
where the ε j denotes country-of-origin effects, ν m denotes the metropolitan-area effects, δ is an unknown parameter, and jmot is zero mean noise. Recall that in the original specification, the country-of-origin and metropolitan-area effects are captured by dummies. Using the equation (2) specification, we now proceed by constructing the variables for two periods and then taking deviations from the means for the two periods. This eliminates the country-of-birth and metropolitan-area effects, including the interaction effects captured in δ(ε j * ν m ). This identifies γ 1 in the presence of these time-persistent effects, although it is achieved at the cost of losing the variation across i. It does, however, provide an estimate that is consistent in the presence of the above concern. When the most popular occupations change across the two cross-sections, we take differences between different occupations. This is not a concern, as the unobserved skill story requires differencing out the error for the same occupations. When the occupation remains the same across time, the transformation does so. Where there is no unobserved skill component and the popular occupation changes over time, the transformation innocuously differences two unrelated errors.
We first estimate equation (1) The dependent variable in equation (1) takes a value of 1 if the individual is working in the most popular occupation of the people from his or her country in the metropolitan area where he or she works. Given the large number of occupations, there may be several equally popular occupations for each immigrant group in each region. Accordingly, we reestimate the model where we define a series of dependent variables corresponding to the events that the individual selected an occupation among the most popular two, the most popular three, the most popular four, and finally the most popular five. The independent variables are redefined to reflect this change when appropriate.
The treatment of Mexican workers is important: they currently comprise 25.57% of all immigrant workers, and their long and substantial presence in the U.S. labor market suggests that they have established networks (Munshi, 2003) . Accordingly, we explore the impact of excluding Mexican workers from the left-hand side of the regression, although they are included in the construction of the conditioning variables. Table 2 indicates that frequently, the dominant occupation is that associated with either primarily males or females. Accordingly we estimate the models separately by gender, noting that all the relevant share variables used as regressors and the dependent variables are gender specific. Given our requirements regarding the number of established immigrants in the metropolitan area, this reduces the sample size for both genders. Table 4 presents the estimates. The rows reflect the different samples reflecting the gender of the individual, the treatment of the Mexican observations, and the definition of most popular occupation. 10 The argument in favor of endogeneity seems convincing, a conjecture supported by the statistical tests comparing the OLS and IV estimates, so we focus on the IV estimates. As the IV estimates for the 1980 cross section rely on the 1970 census for the construction of the instruments, the resulting parameter values are more erratic due to the substantially smaller cell sizes employed in the construction of the instruments. 11 Accordingly, we report the IV estimates only for 1990 and 2000. The estimated standard errors account for potential clustering by country of origin, metropolitan area, and occupation. 12 First, consider the results for all males. The most remarkable result is that related to the network parameter γ 1 . For the 2000 Census, the coefficient on the network effect is 2.9 for the top occupation and 1.9 for the the top five occupations. 13 For the 1990 Census, the coefficients are 4.7 and 2.7. For the sample excluding Mexicans, the estimates are 1.9 and 1.6 (noting the first is statistically insignificant) for 2000 and 5.0 and 3.2 for 1990. For all females, the point estimates for the network effects are also positive and statistically significant. For the 2000 Census, they are 1.5 and 1.7, while for 1990, they are 2.6 and 2.3. The results excluding female Mexicans are 1.3 for both definitions in 2000 and 3.0 and 2.3 for 1990.
These estimates suggest that recently arrived immigrants of both genders are more likely to enter the same occupations as those in which their compatriots are located. Moreover, the typical estimate suggests a large economic effect. For example, because the coefficients are frequently greater than 2, this indicates that if the proportion of the previous immigrants from a certain country who are located in the most popular occupation(s) for that group in a certain region increased by 1 percentage point, the probability that a new immigrant from that country would locate in that occupational group would increase by more than 2 percentage points. This is an important economic effect if we recall that the occupational distribution of the metropolitan area and the presence of individuals from that specific country of origin are already accounted for by the inclusion of other variables. Moreover, the estimated effect generally does not change much as we expand the number of occupations from the top occupation to the top five occupations. This suggests that network effects operate in a range of occupations for each nationality group in each region.
Focus now on the variables capturing the share of the occupation and the presence of native born in the occupation. 10 The full set of IV and OLS results are available in the supplementary material. The results for the top two, three, and four occupations are also reported in the supplementary appendix.
11 The source of the problem with the 1980 IV estimates is they employ the 1970 values as instruments. For this particular cross section, there was a large number of empty cells, and the use of 0s for all of these cells reduced the amount of information contained in the instrument. 12 We employ the variance estimator in Cameron, Gelbach, and Miller (2011) . 13 The highest and lowest coefficients are frequently associated with the top two, three, or four outcomes.
The relative size of the occupation generally has a statistically insignificant coefficient, although in some instances, it approaches statistical significance. The coefficient on the proportion of native born in the occupation does not display any clear pattern and is generally statistically insignificant. It appears that the inclusion of the rich set of metropolitan and country-of-origin dummies is capturing any effect that might be expected to operate through this variable. The variable that accounts for the presence of individuals from that country in the metropolitan area (C jmt ) appears to play some role in the occupation choice decision of migrants. For the female sample, it generally appears to be unimportant. From the perspective of this investigation, its inclusion does not eliminate the presence of the network effect.
Although the results are not reported here, consider the role of the individual's characteristics, noting that the results are qualitatively the same for the samples comprising all countries and that which excludes Mexicans from the lefthand side. 14 The coefficients on age and age squared reveal a relatively unimportant role of age, in both economic and statistical significance, on choosing the most popular occupation. The coefficients for the variables capturing the marital status of the individual do not reveal any remarkable effects. The ability to speak English well has a negative coefficient and is generally statistically significant. This may reflect that workers who cannot speak English well are more reliant on personal contacts when finding employment. Alternatively, it is possible that individuals who cannot speak English well are more productive when surrounded by individuals from the same nationality and thus locate in occupations accordingly. The coefficient on the education dummy variables of the individual is generally statistically significant and negative, particularly for higher education levels. With the omitted education dummy variable being less than high school, this suggests that individuals with higher education relative to the lowest-skilled individual are less likely to chose the popular occupation. The mean education level of the occupation when statistically significant has a negative effect.
The results indicate that immigrant network effects are operating in local labor markets. Moreover, the effects appear large. As the OLS estimates suggest, these effects are very similar, going back to the 1980 Census, it appears these immigrant network effects are firmly entrenched in the U.S. labor market. However, while the results seem persuasive, they are reliant on the assumption that the instruments are valid. Given that we include metropolitan and birth country dummies in the equations, identification requires that there are no additional interaction effects. The differencing approach we have outlined eliminates these effects, but to explore for the presence of direct metropolitan area and birth country effects, we first test for the joint presence of these effects in the OLS specifications. Given the large number of observations, one would expect this hypothesis to be easily rejected, but for the z-statistics in brackets. Significant at *10%, **5%, and ***1%.
ten specifications for males, corresponding to the whole sample, the highest F-value was 7.22, while the lowest was 3.11. The corresponding test values for the ten specifications for the female samples were 4.97 and 2.38. 15 Thus, while there is some evidence of direct effects, it is not overwhelming. This suggests that the interactive effects are less likely to be an issue. Nevertheless, we employed the differencing strategy, as discussed above. We use the data from the 1990 and 2000 Censuses because only two cross sections are required, and the greater the period between the cross sections, the more likely that parameter variability, which invalidates the panel approach, arises. The estimates for the key variables are reported in table 5. These estimates also support the presence of network effects. Our approach accounts for the interaction effects of interest since the argument based on the "unobserved skill component" is relevant only when the occupations do not change over time. Note that all the regressors are defined in a consistent manner. The estimate for the top five outcomes for all countries for all males is 1.12, and for all females it is 1.01. The estimates for the sample excluding Mexicans are almost identical. It should be highlighted that the manner in which the data are constructed results in a large reduction of observations from which we identify the network effect, and this would explain the different estimates from the cross section. 16 This would also be affected if the effect varied by time and the type of individual included in the sample. It is also interesting that for these samples, there is evidence, 15 These twenty specifications correspond to the five outcomes for each gender for each year for the samples including Mexicans. 16 The reduction in sample size not only reflects the grouping of observations but also the requirement that immigrants from a particular country must have at least 100 observations in the same metropolitan area in both cross sections. This is more demanding when the models are estimated separately for each gender, as it means there must be 100 observations of individuals of the same gender in both cross sections. especially for males, that the presence of native-born residents discourages location in the occupation. This probably reflects the composition of the sample rather than a general result.
While the evidence seems compelling, there remains the possibility that the network effects capture unobserved skills that are country specific and in demand in certain occupations in specific regions. While this would be captured by a large number of interaction effects involving occupations, region, and country of origin, such an approach is infeasible. To provide further evidence, we estimated the model for a sample of individuals with lower levels of observed skills on the basis that the argument that network effects capture unobserved skills is less compelling for this group of workers. Table 6 reports the estimates on the network variable coefficient, and its t-statistic, when we restrict the sample to individuals who report having no more than a high school education.
First, consider the results for males for all countries in table 6. For this sample, there is a large increase in the network effect. For the 2000 Census the estimates are, depending on the definition of most popular occupation, 4.1 and 2.1. For the 1990, the estimates are 4.9 and 2.6, noting that the coefficients for each of these outcomes are highly statistically significant. For the sample of non-Mexican immigrants, the estimates for 2000 are 4.5 and 2.1. The results for females also support the existence of the network effect in that the coefficients are positive and generally statistically significant. In contrast to the male results, there is not the same increase in the magnitude of the coefficients compared to the larger samples.
This evidence suggests that the estimated network effects are not due to unobserved skills, as the estimates reflect larger effects for the subsample of males and are approximately the same magnitude for females. We further disaggregated the data and examined the subsamples corresponding to individuals who had a high school education or less and reported they did not speak English well, and individuals who located z-statistics in brackets. Significant at *10%, **5%, and ***1%.
in the lowest 50% of paying occupations. These estimates, are reported in tables 7 and 8, confirm that the network effects increase when we include only lower-skilled workers.
The results suggest that in the absence of skilled workers, the network effects are even more important in determining occupation. There does not appear to be any evidence that unobserved skills are spuriously generating the observed network effects.
VI. Immigrant Networks and Wages
Previous research suggests that the presence of networks can result in higher wages. This has been established theoretically by Mortensen and Vishwanath (1994) and supported empirically by Beaman (2012) , Bayer et al. (2008) , and Simon and Warner (1992) . However, networks may not necessarily generate higher match quality (Elliot, 1999; Ioannides & Datcher Loury, 2004) . Indeed, they may encourage high-ability workers to accept relatively low-ability jobs that are prevalent in their network (Bentolila, Michelacci, & Suarez, 2010) . We now examine the data to see if any patterns emerge. We reestimate equation (1) but employ two alternative dependent variables. First, we use the log of the individual's hourly wage. We then employ the log of the individual's weekly wage as this may incorporate additional network effects.
For both dependent variables, we use the same conditioning variables as in the occupational choice model to capture background characteristics. 17 However, for the network effect, we employ two different approaches. First, we use dummy variables to indicate the selection of the individual into the most commonly chosen occupations of his or her nationality group. Second, we use the occupational share of the established immigrants for the choice of that individual interacted with the dummy variable indicating the occupations that are the most commonly chosen. The first estimate is the average effect from locating in the most popular occupations. The second estimate is the marginal return for increasing the share of the most commonly chosen occupation on the wages of someone employed in that occupation. The estimates for the key coefficients of interest for both specifications and for the samples with and without the Mexican workers are reported in tables 9 and 10. These tables include the results for the most popular and the five most popular occupations. 18 Note that in this case, the dependent variables do not change, but the key regressors do because we include additional outcomes. Because the evidence in favor of endogeneity is very persuasive, we focus on only the IV estimates, noting that we employ the same instruments as in the previous section. 17 The population share variables that depend on the occupation are based on the individual's occupation, not the popular occupation of his immigrant group. For example, the wage regressions use the proportion of natives in the individual's occupation instead of the proportion of natives in the popular occupation as in the occupational choice regressions. 18 The full set of IV and OLS results is reported in the supplementary appendix.
First, consider the sample of all immigrants and where the dependent variable is the log of the hourly wage. The results when the network effect is captured by a dummy variable are presented in the upper section of table 9, while those with the dummy interacted with Y estab jmot are reported below them. While the results for 1990 indicate that location in the most commonly chosen occupations of that individual's nationality group does not have a statistically significant impact for either males or females, the evidence for the 2000 cross sections reveals a statistically significant and sizable effect for males. The premium for the most commonly chosen outcome is approximately 13% for males. For males, there is also a large return to being in an occupation that features a high proportion of native born.
The lower section of table 9 replaces the dummy variable capturing the network effects with the interaction of this variable and the appropriate occupational share. This allows one to infer the increase in wage that results from an increase in the size of the occupation share of the most popular outcomes. The point estimate for 2000 for males is around .62, while for females, it is approximately .36, recalling that table 1 suggests the shares for certain nationality groups in certain regions can be high. The corresponding estimates using the dummy indicator for the sample excluding Mexican workers from the left-hand side are also presented in the table. For males, there appears to be no effect for the 1990 sample, but there are large effects for the 2000 sample. For females, there is also only a statistically significant effect for 2000, and the magnitude is around .36 on the hourly wage. Table 9 also presents hourly wage results for country groups excluding Mexico. For 2000, the estimates of the network effect for this sample have doubled in comparison to the sample including the Mexican workers, with the coefficient for the unique occupation even larger at 1.37. The coefficients for the native-born variables are similar to those for the entire sample. Although we do not focus on the remaining conditioning variables, they have the expected signs.
The evidence thus suggests that for non-Mexican workers, there is a sizable pay increase associated with locating in the occupation in which fellow compatriots are already situated. However, this might underestimate the total impact, as it does not incorporate the probability of finding work or reflect the number of hours the person is able to work. We reestimate the earnings equation using the log of the weekly wage as the dependent variable. We use the same samples and specifications as for table 9. Table 10 reports the estimates using the sample of all male workers and the indicator function measure of networks. For both 1990 and 2000, there are substantial and statistically significant effects. For 2000 and 1990, the results indicate that a male's weekly wage increases by 14% and 11%, respectively, if he locates in the most commonly chosen occupation. Increasing the network effect to include more occupations has little effect on the estimates for the 2000 sample and slightly increases the estimate for 1990. The results for all female workers show no effect. The lower section of table 10 reports z-statistics in brackets. Significant at *10%, **5%, and ***1%. z-statistics in brackets. Significant at *10%, **5%, and ***1%. We again focus on the potential criticism that the instruments are not valid. We do not employ the pseudo-panel approach here, as the coefficients are not as readily interpretable as in the previous section. However, recall that the instruments will be invalid if there are unobserved factors that affect occupational distributions, across censuses, which are correlated with wages. While the evidence in the previous section is inconsistent with the presence of such influences, it is useful to explore their presence in this wage context. To do so, we investigate whether the children, of immigrants are experiencing the same type of network effects as their parents. We find that the effects for the occupational choices of immigrants are also present for their children, although they are much smaller in magnitude. In contrast, there are no effects for the wages or weekly earnings of the immigrants' children. This is an important result from the viewpoint of interpretation: if the wage effects we uncover here are simply spurious due to unobserved factors that are simultaneously influencing the wage in that sector and the occupational distribution ten years earlier, we should find that the wages of the children are also affected by these factors. Because no such effects are detected for the children, this seems to support our interpretation that the effects for the immigrants are due to the presence of networks. 19
VII. Discussion
Our results regarding the occupational allocation process are likely to reflect both supply and demand factors. From the supply perspective, a number of influences may be operating. For example, when individuals arrive in the United States, they will generally be unemployed and actively seeking job opportunities. If such individuals have contact with people from their home country who are employed, it is likely that they will have greater information about opportunities in those sectors in which they are employed. This may take the form of referrals or contacts, or it may be as simple as being alerted to vacancies in that occupation.
Related to these supply influences is the role of the offered wage. Our evidence indicates a large premium for recent immigrants who locate in the occupations in their local labor market that have the highest proportion of their compatriots. While we delay a discussion of what this premium captures to below, it is clear that these potentially large premiums may influence the occupational location decision. That is, recent immigrants may be locating in these occupations due to the higher wage. This is an interesting research question, although it is beyond the scope of this paper.
While supply influences may contribute to and may even dominate the network effect, it is likely that demand influences are also relevant. For example, employers who are satisfied with workers from particular countries may be, due to positive experiences or prejudices, more likely to hire workers with the same background. Potential employers may also make such hiring decisions with the expectation that the workers from the same background are more likely to monitor each other due to the fact that one worker's poor performance may reflect on that of the group, and this will reduce absenteeism or delinquent work behavior. This type of "risk-sharing" behavior and its implication for occupational choice is a research area worth pursuing, although we do not have the appropriate data at our disposal.
While our empirical evidence is not consistent with an argument based on the allocation of immigrant labor across occupations on the basis of skills, it is useful to further address this possibility with an alternative data set that provides information on the individual's occupation prior to arrival in the United States. It is also possible that many of our results are due to the inclusion of illegal immigrants who may be more reliant on networks due to their restricted ability to pursue employment opportunities. The New Immigrant Survey (NIS) data set is composed of legal permanent residents residing in the top 85 U.S. metropolitan areas ranked in terms of population of new legal immigrants (see Jasso et al. 2006 ). The first wave of questionnaires, conducted in 2003, includes detailed immigrant employment histories. The NIS data set, however, is relatively small and provides usable information only for about 5,000 immigrants. Furthermore, the country of birth is reported only for popular countries, while those from the remaining countries are reported by continent. Similarly, immigrants who come from popular states have their state of residence reported, while those from less popular states have their region of residence reported. The actual metropolitan areas are not reported.
We combined the NIS data with the Census data and reestimated the occupational choice model for two samples from the data. 20 First, we included all the data that were usable. Second, we included only observations that reported a change in occupation from their last occupation in their home country. For both samples, the coefficient for the network variable was positive and statistically significant in nine of the twenty specifications, noting that these models were not estimated separately by gender. 21 Moreover, the coefficient was roughly of the same magnitude for both samples. This suggests that the network effects are equally strong for those remaining in the same occupation as those changing occupations. This provides additional support for our conclusion that comparative advantage is not the driving force in the occupation allocation of immigrants. Note, in comparison to our results based on the Census data, that the coefficients on the network variables were smaller in magnitude but continued to suggest reasonably large effects. 22 Perhaps the most striking empirical result in the paper is the effect of these networks on the individual's hourly and weekly wage. First, note that our results are not in conflict with the existing literature (LaLonde & Topel, 1991) that new immigrants reduce the wages of older immigrants. Our results suggest that a new immigrant initially benefits from being in occupations populated by his or her compatriots in contrast to finding employment in an alternative occupation.
One explanation of the wage premium is that it reflects the market power of the network. If the group comprises a sufficiently large share of the occupation, this may provide its members with increased bargaining power when negotiating with employers. This is unlikely to be true in labor markets where other sources of substitutable labor are readily available. The premium may also reflect that when employers are hiring from a specific pool of immigrant labor, they are reducing their hiring and search costs by relying on internal references. If they are able to do so, they may decide to pass some of this reduction on to the new employees.
Immigrant workers may find that they have difficulties in communicating with fellow workers when they are located in a workplace is not populated by others who speak their language. One implication of such difficulties would be a reduction in the productivity of these workers and perhaps those working with them. For this reason, workers who locate in occupations with those from their own country might experience higher wages. Immigrants who locate in these types of occupations might also encounter individuals from their home country who are in positions of authority in the workplace, and this may, for a number of reasons, increase the wage they receive.
The nature of these network effects and the mechanisms by which they generate wage increases are important areas for research. Equally important is understanding what may be the product of occupational clustering. For example, it is possible that if clustering continued in this manner for several decades, many occupations in local areas would be dominated by nationality groups. Understanding the economic implications of such an outcome is an interesting exercise.
One final observation is the apparent difference in the results for the samples including and excluding the Mexican observations. The network effects, for both the occupational choice and wage equations, are weaker for Mexican workers. It is not clear what is driving either of these results because Mexicans have a larger share of the labor market than any other immigrant group. Identifying the factors underlying the differences in the network effects for Mexicans and the other nationality groups is an area worth investigating in future research.
VIII. Conclusion
An examination of the 1980, 1990, and 2000 Census data reveals that the occupational share of certain nationality groups grew a great deal in particular labor markets over the period 1980 to 2000. Moreover, the pattern of growth seems to be consistent with the presence of network effects. That is, recently arrived immigrants are locating in the same occupations as their compatriots from previous waves of immigration. The data do not suggest the observed allocation is the result of skill-based sorting. The data also suggest that a wage premium is paid to an individual locating in the "most popular" occupation of his or her compatriots. 
